The bactericidal potency of ozone was examined for exploring the potential of dental application of ozone gel. Treatment with10 ppm ozone gel with quenching after 3 h and treatment with 100-ppm ozone gel with immediate quenching showed antimicrobial effects in eight aerobic strains, namely, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Candidaalbicans, Methicillin-resistant S. aureus (MRSA), S. epidermidis, Klebsiella pneumoniae, and Streptococcus mutans. For five of these strains (E. coli, P. aeruginosa, C. albicans, K. pneumoniae, and S. mutans), the number of colony forming units (CFUs) were below the detection limit after treatment with 10 ppm ozone gel with quenching after 3 h. For Bacillus subtilis, an antimicrobial effect was observed after 3 h of treatment with 100 ppm of ozone gel. In the case of anaerobic bacteria, bactericidal effect was observed for five strains, namely, Porphyromonas gingivalis, Prevotella intermedia, Fusobacterium nucleatum, Aggregatibacter actinomycetemcomitans, and Eikenella corrodens, by using ozone gel and ozone cream. Of these, the number of CFUs for three strains (P. gingivalis, P. intermedia, and F. nucleatum) was below the detection limit. These results suggest that the ozone gel can be clinically useful in oral surgery for implant treatment because of its instantaneous antimicrobial effects, and that it can be used against a variety of bacterial strains. Key words: Antimicrobial effect, Ozone gel coli ATCC25922 (E. coli), Klebsiella pneumoniae (K. pneumoniae) and Pseudomonas aeruginosa ATCC27853 (P. aeruginosa) an d five gram-positive b acteria, namely, Journal of Hard Tissue Biology 23[4] (2014) 445-448
Introduction
Ozone is a reactive gas and is present in large quantities in the upper layer of the Earth's atmosphere [1] [2] [3] [4] . Ozone is currently being considered for being a possible oral antiseptic agent because it is strongly antimicrobial and does not induce microbial resistance 5) . Ozone has been widely used in the prevention of hospital-acquired infections, for eyewash, and in sterilization of endoscopic instruments in the medical field [6] [7] [8] . Ozone's usefulness for sterilization 5, 9) , as an anti-inflammation agent 10) , and for maintaining hemostasis 11) are of current interest in the dental filed.
However, aqueous ozone has an unpleasant smell and a short halflife of about 40 min and aqueous ozone has no long-term sterilization effect. This, the range of clinical applications of ozone is limited. Ozone gel, which is a glycerin solution containing ozone, has a long-term sterilization effect 12) . The advantages of ozone gel include a 6-month-long sterilization effect, lack of an unpleasant smell, and no development of resistant strains of bacteria. However, little is known about the antimicrobial activity of ozone gel against specific periodontal pathogens [13] [14] [15] . Therefore, in this study, we investigated the antimicrobial effects of ozone gel and its application in the treatment of periodontal and periimplant disease.
Materials and Methods

Ozone gel
10, 100, and 1000 ppm of ozone gels were donated by VMC Corporation (Tokyo, Japan). The gel was preserved by freezing and prepared within 3 months of the experiments.
Test bacteria strains
Three stains of gram-negative bacteria, namely, Escherichia No antimicrobial effect was observed for B. subtilis by using 10 ppm of ozone gel.
Antimicrobial effect of 100 ppm ozone gels were observed in E. coli, P. aeruginosa, S. aureus, C. albicans, MRSA, S. epidermidis, K. pneumoniae, and S. mutans, (the number of CFUs decreased below the detection limit) when quenched immediately.
Antibacterial effect was observed in B. subtilis by using 100 ppm of ozone gel after 3 h.
Antimicrobial effect of 1000 ppm ozone gels were observed in E. coli, P. aeruginosa, S. aureus, C. albicans, MRSA, S. epidermidis, K. pneumoniae, and S. mutans when the quenching was immediate. Increased antimicrobial effect was observed on B. subtilis by using 1000 ppm of ozone gel with quenching after 3 h.
The results of antimicrobial effect of periodontal bacteria were shown in Table 2 . Bactericidal effect was observed against P. gingivalis, P. intermedia, F. nucleatum, A. actinomycetemcomitans, and E. corrodens by using ozone gel and ozone cream. The number of CFUs for three of these strains, P. gingivalis, P. intermedia, and F. nucleatum, decreased below the detection limit.
Discussion
Ozone exerts antimicrobial effects by causing structural damage in bacteria, whereas, antibiotic drugs cause dysfunction of bacteria 9) . Ozone reacts with unsaturated fatty acids and proteins in the cell membranes, leading to membrane denaturation, decreased activity of cellular enzymes, and disruption of cellular respiratory functions. The high reactive oxidizing ability of ozone is due to the hydroxy radicals generated during ozone decomposition. There are no known ozone-resistant bacteria because of this high reactivity and decomposability of ozone.
Antimicrobial effect of ozone is stronger in the liquid phase than in the gaseous phase 16, 17) . Moreover, ozone is pollution-free, does not cause residual resistance, and has low accumulation rate to the human body; further, ozone sterilization of water is safe 18) .
However, ozone water does not have the substantivity of ozone. Thus, ozone gel, which is made by dissolving ozone in glycerin, was developed. Ozone gel has sterilizing power for a long periods, unlike ozone water 12) .
In our study, antimicrobial effect of ozone was observed in aerobic and anaerobic bacteria. When the concentration of ozone in the ozone gel increased and the reaction time was extended, the antimicrobial effect also increased. The results showed that antimicrobial effect was slightly low for gram-positive rod bacteria, compared to the gram-negative rod bacteria. The difference in the effects was probably due to the difference in cell wall structure between gram-positive and gram-negative bacteria. Moreover, the observation of antimicrobial effect of ozone to MRSA and the difference between antimicrobial mechanism of ozone and existing antibiotic drug indicates that ozone is a predictably-effective for multiple-drug-resistant bacteria which cause hospital-acquired infection. Our results showed that the antimicrobial effect of ozone gel in bacteria causing periodontal disease was higher than that of ozone water 12) . These results suggest that ozone gel is very useful for clinical application for oral surgery, implant treatment and peri-implant diseases because of their rapid antimicrobial effect on several bacterial strains.
